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SCA	 Cases	(%)	 Controls	(%)	 Chi-Square	 All,	pvalue	 Asian,	pvalue	 Caucasian,	pvalue	
SCA2	 8029	(41%)	 11587	(59%)	 2.1	 0.35	 0.15	 0.31	
SCA3	 8005	(41%)		 11662	(59%)	 0.1	 0.78	 0.73	 0.30	
SCA6	 7732	(40%)	 11519	(50%)	 6.2	 0.01	 0.39	 0.13	







Cohort	 Locus	 Gene	Name	 Q	test	pvalue	 OR	(95%	CI)	 I^2	 RE	pvalue	 FE	pvalue	
Asian	 SCA2	 ATXN2	 0.08	 0.52	(0.19,	1.48)	 61	(0,	99)	 0.22	 0.07	
		 SCA3	 ATXN3	 0.45	 0.90	(0.61,	1.31)	 0	(0,	91)	 0.57	 0.57	
		 SCA6	 CACNA1A	 0.42	 1.04	(0.87,	1.23)	 21	(0,	83)	 0.61	 0.38	
		 SCA17	 TBP	 0.86	 0.90	(0.39,	2.07)	 0	(0,	80)	 0.81	 0.81	
Caucasian	 SCA2	 ATXN2	 0.12	 1.09	(0.87,	1.38)	 30	(0,	79)	 0.46	 0.40	
		 SCA3	 ATXN3	 0.58	 1.00	(0.61,	1.64)	 0	(0,	74)	 0.99	 0.99	
		 SCA6	 CACNA1A	 0.92	 0.98	(0.90,	1.05)	 0	(0,	29)	 0.52	 0.52	





SCA2	 Q	test	pvalue	 OR	(95%	CI)	 I^2	 RE	pvalue	 FE	pvalue	
Complete	 0.034	 1.01	(0.80,	1.28	)	 37	(0,	83	)	 0.93	 0.76	
Asian	 0.084	 0.52	(0.19,	1.48	)	 61		(0,	100	)	 0.22	 0.08	





























































































































































































































































































Caucasian	series	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	
Aasly	 Norway	 527	 510	 314	(59%)	 276	(54%)	 73.8	(10.6)	 71.1	(10.6)	 UKPDBB	
Annesi	 Italy	 178	 182	 98	(53.6%)	 93	(51.1%)	 65.6	(9)	 61.9	(9)	 	UKPDBB	
Bozi	 Greece	 113	 104	 55	(48.7%)	 49	(47.1%)	 75.7	(7.3)	 73.0	(7.3)	 UKPDBB	
Brice	 France	 272	 231	 168	(61.8%)	 132	(57.1%)	 57.7	(11.5)	 57.8	(11.5)	 UKPDBB	
Garraux	 Belgium	 64	 14	 34	(53.1%)	 7	(50%)	 70.5	(9.6)	 66.1	(9.6)	 	UKPDBB	
Hadjigeorgiou	 Greece	 313	 328	 170	(54.3%)	 169	(51.5%)	 64.7	(9.8)	 63.2	(9.8)	 	UKPDBB	
Lynch/Ross	 Ireland	 328	 345	 183	(55.8%)	 121	(35.1%)	 68.1	(10.3)	 73.4	(10.3)	 UKPDBB	
Maragonore	 USA	 801	 223	 491	(62.4%)	 109	(62.6%)	 61.7	(11)	 NA	 	UKPDBB	
Mellick	 Australia	 893	 916	 556	(62.3%)	 373	(40.7%)	 73.6	(11.1)	 71.7	(11.1)	 Bower	
Morrison	 England	 723	 349	 490	(67.8%)	 87	(25.1%)	 66.2	(10.8)	 NA	 	UKPDBB	
Opala/Ross	 Poland	 291	 255	 186	(63.9%)	 113	(44.3%)	 70.9	(10.5)	 65.0	(10.5)	 UKPDBB	
van	Broeckhoven	 Belgium	 497	 510	 286	(57.1%)	 214	(42.1%)	 68.1	(10.6)	 64.7	(10.6)	 Pals/	Gelb	
Wirdefeldt	 Sweden	 77	 194	 41	(53.2%)	 93	(47.9%)	 72.3	(8.4)	 71.0	(8.4)	 UKPDBB	
Wszolek/Ross	 USA	 692	 827	 440	(63.6%)	 354	(42.8%)	 74.6	(11.4)	 70.1	(11.4)	 UKPDBB	
Total	 		 7715	 8261	 		 		 		 		 		
Asian	series	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	
Chung	 Korea	 368	 333	 153	(41.6%)	 140	(42%)	 58	(9.6)	 66.1	(9.6)	 	UKPDBB	
Lin	 Taiwan	 160	 160	 80	(50%)	 80	(50%)	 70.8	(9.8)	 70.8	(9.8)	 UKPDBB	
Mok	 China	 259	 78	 158	(61.5%)	 52	(66.7%)	 64.8	(4.1)	 62.5	(4.1)	 	UKPDBB	
Satake/Toda	 Japan	 988	 2521	 405	(41.0%)	 1525	(60.5%)	 58.8	(10.1)	 49.9	(14.2)	 	UKPDBB	
Tan	 Singapore	 171	 181	 110	(64.3%)	 112	(61.9%)	 62.4	(9.3)	 45.2	(9.3)	 UKPDBB	








Caucasian	Series	 	 	 	 	
SNP	 MAF	 Minor	Allele	 OR	 Pvalue	
LRRK2	rs1491946	 21.2%	 C	 1.16	(1.10	,1.24)	 <0.001	
LRRK2	rs7133914	 6.9%	 A	 0.93	(0.81	,1.08)	 0.36	
PARK16	rs708273	 42.6%	 T	 1.03	(0.97	,1.09)	 0.32	
PARK16	rs708725	 48.4%	 C	 0.91	(0.86	,0.97)	 0.004	
PARK16	rs823139	 12.0%	 T	 0.91	(0.84	,1.00)	 0.038	
PARK16	rs823156	 18.2%	 G	 0.94	(0.87	,1.01)	 0.09	
PARK16	rs11240572	 3.3%	 A	 1.09	(0.93	,1.28)	 0.28	
Asian	Series	 	 	 	 	
SNP	 MAF	 Minor	Allele	 OR	 Pvalue	
LRRK2	rs1491946	 31.8%	 C	 1.10	(1.00	,1.21)	 0.03	
PARK16	rs708723	 14.0%	 T	 1.76	(1.30	,2.35)	 <0.001	
PARK16	rs708725	 47.3%	 C	 0.82	(0.75	,0.90)	 <0.001	
PARK16	rs823139	 14.1%	 T	 0.78	(0.69	,0.88)	 <0.001	
PARK16	rs823156	 20.7%	 G	 0.76	(0.68	,0.85)	 <0.001	














	 	 	 	 	 	
LRRK2	rs1491942	 rs708273	 		 		 		 Additive/Additive	Model	
GG	 GG	 2601	(21.7%)	 1.00	(reference)		 N/A	 OR:	1.0	(0.9,	1.11)	
GG	 GT	 3288	(27.5%)	 1.02	(0.92,	1.10)	 0.75	 p=0.98	
GG	 TT	 1185	(9.9%)	 1.02	(0.9,	1.15)	 0.75	 	
GC	 GG	 1725	(14.4%)	 1.11	(0.94,	1.30)	 0.21	 Heterogeneity:	I2=0,	p=0.49	
GC	 GT	 1824	(15.2%)	 1.08	(0.94,	1.24)	 0.25	 	
GC	 TT	 673	(5.6%)	 1.2	(1.04,	1.37)	 0.011	 	
CC	 GG	 315	(2.6%)	 1.11	(0.9,	1.35)	 0.32	 	
CC	 GT	 260	(2.2%)	 1.37	(1.06,	1.78)	 0.018	 	
CC	 TT	 93	(0.8%)	 1.64	(1.21,	2.22)	 0.001	 	
LRRK2	rs1491942	 rs708725	 		 		 		 Additive/Additive	Model	
GG	 TT	 2291	(15.8%)	 1.00	(reference))	 N/A	 OR:	0.98	(0.90,	1.06)	
GG	 TC	 3884	(26.7%)	 0.85	(0.76,	0.95)	 0.00365	 p=0.55	
GG	 CC	 2066	(14.2%)	 0.82	(0.72,	0.94)	 0.00332	 	
GC	 TT	 1579	(10.9%)	 1.22	(1.06,	1.39)	 0.00418	 Heterogeneity:	I2=0,	p=0.12	
GC	 TC	 2510	(17.3%)	 0.9	(0.8,	1.02)	 0.0968	 	
GC	 CC	 1266	(8.7%)	 0.91	(0.78,	1.06)	 0.237	 	




CC	 TC	 448	(3.1%)	 1.14	(0.92,	1.41)	 0.232	 	
CC	 CC	 228	(1.6%)	 1.15	(0.85,	1.54)	 0.372	 	
LRRK2	rs1491942	 rs823139	 		 		 		 Additive/Additive	Model	
GG	 GG	 6825	(43.6%)	 1.00	(reference)	 N/A	 OR:	1.01	(0.92,	1.11)	
GG	 GT	 1945	(12.4%)	 0.82	(0.74,	0.92)	 0.00036	 p=0.87	
GG	 TT	 144	(0.9%)	 1.08	(0.76,	1.53)	 0.663	 	
GC	 GG	 4331	(27.7%)	 1.12	(1.04,	1.22)	 0.00483	 Heterogeneity:	I2=0,	p=0.56	
GC	 GT	 1295	(8.3%)	 0.91	(0.8,	1.03)	 0.154	 	
GC	 TT	 103	(0.7%)	 1.08	(0.72,	1.62)	 0.702	 	
CC	 GG	 762	(4.9%)	 1.35	(1.15,	1.58)	 0.000244	 	
CC	 GT	 218	(1.4%)	 1.25	(0.94,	1.66)	 0.127	 	
CC	 TT	 16	(0.1%)	 0.7	(0.25,	1.96)	 0.491	 	
LRRK2	rs1491942	 rs823156	 		 		 		 Additive/AdditiveModel	
GG	 AA	 5734	(37.6%)	 1.00	(reference)	 N/A	 OR:	0.99	(0.88,	1.11)	
GG	 AG	 2580	(16.9%)	 0.89	(0.81,	0.98)	 0.0228	 p=0.83	
GG	 GG	 346	(2.3%)	 0.76	(0.6,	0.96)	 0.0204	 	
GC	 AA	 3687	(24.2%)	 1.14	(1.05,	1.24)	 0.00316	 Heterogeneity:	I2=33,	p=0.56	
GC	 AG	 1681	(11%)	 0.98	(0.87,	1.1)	 0.679	 	
GC	 GG	 234	(1.5%)	 0.95	(0.72,	1.27)	 0.744	 	
CC	 AA	 635	(4.2%)	 1.32	(1.11,	1.57)	 0.00148	 	
CC	 AG	 285	(1.9%)	 1.29	(1.01,	1.67)	 0.0453	 	
CC	 GG	 55	(0.4%)	 0.97	(0.54,	1.75)	 0.92	 	
LRRK2	rs1491942	 rs11240572	 		 		 		 Additive/Dominant	Model	
GG	 CC	 7839	(50%)	 1.00	(reference)	 N/A	 OR:	0.87	(0.74,	1.01)	
GG	 CA+AA	 1095	(7%)	 0.99	(0.86,	1.13)	 0.844	 p=0.069	
GC	 CC	 4903	(31.3%)	 1.14	(1.06,	1.23)	 0.000512	 	
GC	 CA+AA	 834	(5.3%)	 0.91	(0.78,	1.06)	 0.234	 Heterogeneity:	I2=0,	p=0.99	
CC	 CC	 834	(5.3%)	 1.39	(1.19,	1.62)	 2.16E-05	 	


































	 	 	 OR	 p-value	 	
LRRK2	rs1491942	 rs708273	 		 		 		 Additive/AdditiveModel	
GG	 GG	 2091	(20.2%)	 1.00	(reference)	 N/A	 OR:		1.0	(0.88,	1.14)	
GG	 GT	 3203	(30.9%)	 1.02	(0.91,	1.14)	 0.72	 p=0.95	
GG	 TT	 1130	(10.9%)	 1.14	(0.99,	1.33)	 0.074	 	
GC	 GG	 1111	(10.7%)	 1.12	(0.96,	1.3)	 0.15	 Heterogeneity:	I2=0,	p=0.48	
GC	 GT	 1730	(16.7%)	 1.19	(1.04,	1.36)	 0.009	 	
GC	 TT	 625	(6%)	 1.08	(0.9,	1.30)	 0.39	 	
CC	 GG	 155	(1.5%)	 1.61	(1.15,	2.27)	 0.006	 	
CC	 GT	 230	(2.2%)	 1.55	(1.17,	2.06)	 0.002	 	
CC	 TT	 74	(0.7%)	 1.52	(0.93,	2.48)	 0.092	 	
LRRK2	rs1491942	 rs708725	 		 		 		 Additive/Additive	Model	
GG	 TT	 1626	(17.1%)	 1.00	(reference)	 N/A	 OR:	:1.02	(0.88,	1.18)	
GG	 TC	 2728	(28.7%)	 0.89	(0.78,	1.01)	 0.066	 p=0.83	
GG	 CC	 1540	(16.2%)	 0.85	(0.73,	0.99)	 0.042	 	
GC	 TT	 960	(10.1%)	 1.17	(1.00,	1.38)	 0.058	 Heterogeneity:	I2=0,	p=0.16	
GC	 TC	 1481	(15.6%)	 0.95	(0.82,	1.10)	 0.51	 	
GC	 CC	 770	(8.1%)	 0.96	(0.79,	1.16)	 0.66	 	
CC	 TT	 116	(1.2%)	 1.33	(0.9,	1.96)	 0.16	 	
CC	 TC	 194	(2%)	 1.52	(1.11,	2.08)	 0.009	 	
CC	 CC	 100	(1.1%)	 1.26	(0.8,	1.98)	 0.33	 	
LRRK2	rs1491942	 rs823139	 		 		 		 Additive/Additive	Model	
GG	 GG	 5035	(48.1%)	 1.00	(reference)	 N/A	 OR:	0.99	(0.90,	1.10)	
GG	 GT	 1374	(13.1%)	 0.86	(0.76,	0.98)	 0.018	 p=0.59	
GG	 TT	 91	(0.9%)	 1.11	(0.72,	1.71)	 0.63	 	
GC	 GG	 2708	(25.9%)	 1.11	(1.01,	1.22)	 0.03	 Heterogeneity:	I2=0,	p=0.54	
GC	 GT	 742	(7.1%)	 0.97	(0.83,	1.14)	 0.71	 	
GC	 TT	 58	(0.6%)	 1.19	(0.70,	2.02)	 0.52	 	
CC	 GG	 361	(3.4%)	 1.46	(1.17,	1.83)	 <0.001	 	
CC	 GT	 91	(0.9%)	 1.69	(1.08,	2.64)	 0.021	 	
CC	 TT	 10	(0.1%)	 0.65	(0.18,	2.32)	 0.50	 	
LRRK2	rs1491942	 rs823156	 		 		 		 Additive/Additive	Model	
GG	 AA	 4151	(41.2%)	 1.00	(reference)	 N/A	 OR:	0.95	(0.86,	1.05)	
GG	 AG	 1882	(18.7%)	 0.94	(0.84,	1.05)	 0.27	 p=0.87	
GG	 GG	 209	(2.1%)	 0.87	(0.66,	1.16)	 0.35	 	
GC	 AA	 2278	(22.6%)	 1.12	(1.01,	1.25)	 0.034	 Heterogeneity:	I2=23,	p=0.37	
GC	 AG	 996	(9.9%)	 1.12	(0.97,	1.30)	 0.11	 	
GC	 GG	 108	(1.1%)	 0.84	(0.56,	1.24)	 0.38	 	
CC	 AA	 301	(3%)	 1.48	(1.15,	1.89)	 0.002	 	




CC	 GG	 17	(0.2%)	 0.84	(0.31,	2.22)	 0.72	 	
LRRK2	rs1491942	 rs11240572	 		 		 		 Additive/Dominant	Model	
GG	 CC	 6094	(57.9%)	 1.00	(reference)	 N/A	 OR:0.89	(0.68,	1.17)	
GG	 CA+AA	 434	(4.1%)	 1.15	(0.94,	1.40)	 0.17	 p=0.25	
GC	 CC	 3300	(31.4%)	 1.12	(1.03,	1.23)	 0.009	 	
GC	 CA+AA	 223	(2.1%)	 1.06	(0.81,	1.40)	 0.67	 Heterogeneity:	I2=0,	p=0.87	
CC	 CC	 433	(4.1%)	 1.51	(1.23,	1.86)	 <0.001	 	






















LRRK2	rs1491942	 rs708723	 		 		 		 Additive/Additive	Model	
GG	 GG	 510	(31.6%)	 1.00	(reference)	 N/A	 OR:			1.1	(0.89,	1.36)	
GG	 GT	 85	(5.3%)	 2.72	(1.53,	4.83)	 <0.001	 p=0.40	
GG	 TT	 55	(3.4%)	 1.96	(0.97,	3.95)	 0.060	 	
GC	 GG	 614	(38%)	 1.01	(0.8,	1.28)	 0.91	 Heterogeneity:	I2=0,	p=0.43	
GC	 GT	 94	(5.8%)	 4.11	(2.21,	7.65)	 <0.001	 	
GC	 TT	 48	(3%)	 2.94	(1.31,	6.56)	 0.009	 	
CC	 GG	 160	(9.9%)	 1.15	(0.81,	1.65)	 0.43	 	
CC	 GT	 30	(1.9%)	 2.69	(1.07,	6.8)	 0.036	 	
CC	 TT	 19	(1.2%)	 4.41	(1.22,	15.9)	 0.024	 	
LRRK2	rs1491942	 rs708725	 		 		 		 Additive/Additive	Model	
GG	 TT	 665	(13.3%)	 1.00	(reference)	 N/A	 OR:	0.	97	(0.86,	1.11)	
GG	 TC	 1156	(23.1%)	 0.76	(0.62,	0.94)	 0.01	 p=0.69	
GG	 CC	 526	(10.5%)	 0.74	(0.58,	0.96)	 0.0237	 	
GC	 TT	 619	(12.4%)	 1.25	(0.99,	1.58)	 0.0614	 Heterogeneity:	I2=0,	p=0.19	
GC	 TC	 1029	(20.6%)	 0.8	(0.65,	0.99)	 0.0411	 	
GC	 CC	 496	(9.9%)	 0.82	(0.63,	1.06)	 0.124	 	
CC	 TT	 133	(2.7%)	 1.35	(0.9,	2)	 0.142	 	
CC	 TC	 254	(5.1%)	 0.85	(0.62,	1.16)	 0.302	 	
CC	 CC	 128	(2.6%)	 1	(0.67,	1.51)	 0.982	 	
LRRK2	rs1491942	 rs823139	 		 		 		 Additive/Additive	Model	
GG	 GG	 1790	(34.6%)	 1.00	(reference)	 N/A	 OR:	1.08	(0.93,	1.26)	
GG	 GT	 571	(11%)	 0.72	(0.58,	0.89)	 0.00223	 p=0.31	
GG	 TT	 53	(1%)	 1	(0.55,	1.81)	 0.993	 	
GC	 GG	 1623	(31.4%)	 1.12	(0.97,	1.29)	 0.133	 Heterogeneity:	I2=0,	p=0.23	
GC	 GT	 553	(10.7%)	 0.81	(0.66,	1)	 0.0508	 	
GC	 TT	 45	(0.9%)	 0.92	(0.48,	1.74)	 0.791	 	
CC	 GG	 401	(7.8%)	 1.21	(0.96,	1.52)	 0.112	 	




CC	 TT	 6	(0.1%)	 0.79	(0.14,	4.51)	 0.791	 	
LRRK2	rs1491942	 rs823156	 		 		 		 Additive/Additive	Model	
GG	 AA	 1583	(30.6%)	 1.00	(reference)	 N/A	 OR:		0.99	(0.82,	1.12)		
GG	 AG	 698	(13.5%)	 0.76	(0.62,	0.93)	 0.00658	 p=0.92	
GG	 GG	 137	(2.6%)	 0.53	(0.35,	0.82)	 0.00388	 	
GC	 AA	 1409	(27.2%)	 1.14	(0.97,	1.33)	 0.103	
Heterogeneity:	I2=16	
p=0.29		
GC	 AG	 685	(13.2%)	 0.74	(0.61,	0.91)	 0.00352	 	
GC	 GG	 126	(2.4%)	 0.98	(0.64,	1.52)	 0.94	 	
CC	 AA	 334	(6.5%)	 1.13	(0.88,	1.46)	 0.326	 	
CC	 AG	 161	(3.1%)	 1.02	(0.72,	1.46)	 0.893	 	
CC	 GG	 38	(0.7%)	 0.92	(0.43,	1.99)	 0.835	 	
LRRK2	rs1491942	 rs11240572	 		 		 		 Additive/Dominant	Model	
GG	 CC	 1745	(33.9%)	 1.00	(reference)	 N/A	 OR:0.92	(0.75,	1.13)	
GG	 CA+AA	 661	(12.8%)	 0.85	(0.7,	1.04)	 0.116	 p=0.42	
GC	 CC	 1603	(31.1%)	 1.17	(1.01,	1.35)	 0.039	 	
GC	 CA+AA	 611	(11.9%)	 0.82	(0.67,	1.01)	 0.0633	 Heterogeneity:	I2=0,	p=0.87	
CC	 CC	 401	(7.8%)	 1.23	(0.97,	1.55)	 0.0825	 	












	 		 PARK16	rs11240572	allele	 		 		
	 Carriers	 		 		 Non-Carriers	 		 		
Ethnic	Series	 LRRK2	OR	(95%	CI)		 pval	 n	 LRRK2	OR	(95%	CI)		 pval	 n	
Asian		 1.02	(0.85	,1.22)	 0.82	 1409	 1.13	(1.58	,1.10)	 0.17	 3766	
Caucasian	 1.04	(0.80	,1.35)	 0.79	 697	 1.17	(1.10	,1.25)	 												<0.000	 9995	




























		 		 		 		 		 		
LRRK2	rs7133914	 rs708273	 		 		 		 Dominant/Additive	Model	
GG	 GG	 1788	(27.9%)	 1.00	(reference)	 N/A	 OR:	0.92	(0.69,	1.20)	
GG	 GT	 3764	(58.7%)	 1.02	(0.91,	1.16)	 0.71	 p=0.54	
GG	 TT	 288	(4.5%)	 1.10	(0.94,	1.30)	 0.22	 	
GA+AA	 GG	 577	(9%)	 1.07	(0.83,	1.39)	 0.60	 Heterogeneity:	I2=35	p=0.11	
GA+AA	 GT	 1361	(22.7%)	 0.88	(0.71,	1.10)	 0.26	 	
GA+AA	 TT	 3834	(63.9%)	 0.96	(0.69,	1.33)	 0.79	 	
LRRK2	rs7133914	 rs708725	 		 		 		 Dominant/Additive	Model	
GG	 TT	 206	(3.4%)	 1.00	(reference)	 N/A	 Additive	Model	
GG	 TC	 600	(10%)	 0.92	(0.8,	1.06)	 0.24	 OR:	0.85(0.61,	1.18)	
GG	 CC	 4317	(66.4%)	 0.79	(0.66,	0.94)	 0.008	 p=0.33	
GA+AA	 TT	 1306	(20.1%)	 0.89	(0.66,	1.20)	 0.44	 	
GA+AA	 TC	 688	(10.6%)	 0.72	(0.57,	0.91)	 0.006	 Heterogeneity:	I2=0,	p=0.61	
GA+AA	 CC	 188	(2.9%)	 1.02	(0.74,	1.40)	 0.91	 	
LRRK2	rs7133914	 rs823139	 		 		 		 Dominant/Additive	Model	
GG	 GG	 3658	(58.1%)	 1.00	(reference)	 N/A	 Additive	Model	
GG	 GT	 1799	(28.6%)	 0.92	(0.81,	1.05)	 0.22	 OR:	1.20(0.97,	1.48)	
GG	 TT	 573	(9.1%)	 1.00	(0.65,	1.53)	 0.99	 p=0.096	
GA+AA	 GG	 270	(4.3%)	 0.98	(0.83,	1.15)	 0.80	 	
GA+AA	 GT	 5486	(84%)	 0.72	(0.53,	0.98)	 0.034	 Heterogeneity:	I2=13,	p=0.25	
GA+AA	 TT	 169	(2.6%)	 1.26	(0.34,	4.64)	 0.73	 	
LRRK2	rs7133914	 rs823156	 		 		 		 Dominant/Additive	Model	
GG	 AA	 848	(13%)	 1.00	(reference)	 N/A	 Additive	Model	
GG	 AG	 26	(0.4%)	 1.00	(0.89,	1.13)	 0.96	 OR:	0.88	(0.72,	1.09)	
GG	 GG	 5281	(80.9%)	 0.83	(0.60,	1.13)	 0.24	 p=0.25	
GA+AA	 AA	 370	(5.7%)	 0.97	(0.81,	1.17)	 0.77	 	
GA+AA	 AG	 805	(12.3%)	 0.79	(0.60,	1.03)	 0.078	 Heterogeneity:I2=0.	p=0.74	
GA+AA	 GG	 70	(1.1%)	 1.13	(0.49,	2.64)	 0.77	 	
LRRK2	rs7133914	 rs11240572	 		 		 		 Dominant/Dominant	Model	
GG	 CC	 1730	(16.7%)	 1.00	(reference)	 N/A	 OR:	1.20	(0.70,	2.07)	
GG	 CA+AA	 625	(6%)	 1.05	(0.84,	1.30)	 0.69	 p=0.51	
GA+AA	 CC	 155	(1.5%)	 0.91	(0.78,	1.06)	 0.25	 	
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Overall Combined Series (6468 PD, 5662 con)
Overall Asian Series (699 PD, 674 con)
Tan (171 PD, 181 con)
Japan (988 PD, 2521 con)
Lin (160 PD, 160 con)
Chung (368 PD, 333 con)
Overall Caucasian Series (5769 PD, 4988 con)
Wszolek/Ross (692 PD, 827 con)
Wirdefeldt (77 PD, 194 con)
Opala/Ross (291 PD, 255 con)
Morrison (723 PD, 349 con)
Mellick (893 PD, 916 con)
Maragonore (801 PD, 223 con)
Lynch/Ross (328 PD, 345 con)
Hadjigeorgiou (313 PD, 328 con)
Brice (272 PD, 231 con)
Bozi (113 PD, 104 con)
Belgium (561 PD, 524 con)
Annesi (178 PD, 182 con)




















Odds Ratio (95% CI)























































































































































































































































































































































































































































	 All	 PD	 No	PD	 Females	 Males	
N	 19864	 111	 19753	 9075	 10789	


















































	 PD	 No	PD	 p-value	
HbA1c,	mmol/mol	 63.0±2.1	 64.4±0.2	 0.49	
Insulin	use,	%	 	 	 	
CT	 23.0	 19.7	 0.38	
MDI	 58.4	 63.5	 0.36	
CSII	 18.6	 16.8	 0.67	
Insulin	dose,	IU/kg*d	 0.635±0.032	 0.619±0.002	 0.61	
Acute	complications,	%	 	 	 	
Hypoglycemia	 	 	 	
Severe	 13.4	 16.5	 0.39	
With	coma	 5.7	 7.9	 0.38	
DKA	 5.0	 5.4	 0.87	
Chronic	complications,	%	 	 	 	




Lipid-lowering	drugs	 26.8	 25.9	 0.81	
Hypertension	 23.8	 27.9	 0.32	
Antihypertensiva	 54.4	 47.6	 0.19	
Stroke	 16.2	 10.0	 0.03	
Myocardial	infarction	 12.4	 10.6	 0.50	
Dementia	 16.1	 8.7	 0.005	
Diabetic	foot	syndrome	 15.3	 10.9	 0.12	
Retinopathy	 47.0	 34.8	 0.12	
Microalbuminuria	 31.0	 23.8	 0.12	
Renal	failure	 9.4	 3.0	 <0.001	
Hospital	care	 	 	 	
Frequency,	%	 16.3	 11.3	 0.08	







Outcome	 40-<50	years	 50-<60	years	 60-<70	years	 >70	years	
Stroke	(OR,	95%	CI)	 0.88	(0.46,	16.5)	 0.81	(0.11,	5.92,	1.78)	 1.55	(0.54,	4.59)	 2.21	(1.24,	3.93)	
Dementia		
(OR,	95%	CI)	
0.98	(0.05,	18.5)	 0.96	(0.13,	7.09)	 2.10	(0.71,	6.20)	 2.48	(1.37,	4.47)	
Renal	failure		
(OR,	95%	CI)	

















































































































































































































































































Sites	 OR	Coefficient	 95%	CI	 P-Value	
Aasly	 0.87	 (0.75,	1.02)	 0.085	
Annesi	 0.86	 (0.74,	1.01)	 0.064	
Bozi	 0.87	 (0.74,	1.01)	 0.071	
Belgium	 0.88	 (0.75,	1.03)	 0.125	
Brice	 0.87	 (0.74,	1.01)	 0.075	
Hadjigeorgiou	 0.87	 0.74,	1.02)	 0.087	
Lynch/Ross	 0.88	 (0.75,	1.03)	 0.105	
Maraganore	 0.87	 (0.74,	1.01)	 0.069	
Mellick	 0.87	 (0.75,	1.03)	 0.100	
Morrison	 0.85	 (0.72,	0.99)	 0.036	
Opala/Ross	 0.86	 (0.74,	1.01)	 0.066	
Wirdefeldt	 0.87	 (0.74,	1.01)	 0.071	
Wszolek/Ross	 0.86	 (0.74,	1.01)	 0.065	
Chung	 0.89	 (0.75,	1.05)	 0.171	




Japan	 0.76	 (0.62,	0.93)	 0.008	
Tan	 0.88	 (0.75,	1.04)	 0.128	
OR:	Odds	Ratio,	CI:	Confidence	Interval	
The	etiology	of	idiopathic	PD	has	proven	to	be	a	complex	and	difficult	to	untangle	interconnected	
web	of	aging,	environmental,	and	genetic	factors.	In	addition	to	protein	aggregation	and	defects	in	
the	transport	pathways,	mitochondrial	dysfunction,	oxidative	stress	and	neuroinflammation	have	
also	come	under	consideration	as	etiological	factors	for	PD	(Lee	et	al.,	2017).	Pathology	in	brains	of	
PD	and	DLB	patients	versus	healthy	controls	found	that	brain	cortex	activity	and	mitochondrial	O2		
uptake	were	significantly	lower	in	diseased	patients,	and	signs	oxidative	stress	and	mitochondrial	
dysfunction	were	significantly	higher	in	diseased	patients	(Navarro	and	Boveris,	2009).	Within	PD	
neuropathogenesis,	research	has	also	found	evidence	that	microglial	activation	causes	increased	
activity	in	the	cyclooxygenase	(COX)	pathway	(Tansey	et	al.,	2007).	Furthermore,	anti-inflammatory	
treatment	protected	against	dopaminergic	cell	death	and	blocked	activation	of	microglial	cells	in	the	
MPTP-induced	mouse	model	of	PD	(Kim	et	al.,	2012).		
Inflammation	is	a	shared	manifestation	of	pathogenesis	observed	in	both	PD	and	auto-immune	
diseases.	Genetic	pleiotropy,	the	idea	that	a	single	gene	has	multiple	different	manifestations	
through	its	functionality	within	separate	biological	pathways,	has	also	been	a	growing	theme	in	
genetic	research.	A	study	from	2016	used	GWAS	data	to	identify	a	common	mutation	in	the	
extended	MAPT	region	that	is	associated	with	both	AD	and	PD	(Desikan	et	al.,	2015).	Outside	of	
pleiotropy	between	neurodegenerative	diseases,	common	genetic	variants	have	also	been	
established	between	PD	and	auto-immune	diseases.	Crohn’s	disease	has	also	identified	LRRK2	as	a	
susceptibility	loci	uses	GWAS	(Franke	et	al.,	2010).	Additionally,	SNCA	has	been	identified	in	the	
enteric	neurons	in	the	myenteric	plexus	situated	within	the	gastrointestinal	tract	(Sharrad	et	al.,	
2013).	Research	has	found	that	mitochondrial	dysfunction	and	inflammation,	a	common	theme	
between	PD	and	autoimmune	diseases,	is	a	potential	shared	byproduct	of	immune	dysfunction	
(McGeer	and	McGeer,	2011).	Pleiotropic	genes	have	also	been	identified	between	AD	and	T1D	
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(Christensen	et	al.,	2016).	On	the	other	side	of	this	growing	body	of	evidence,	human	leukocyte	
antigen	(HLA),	a	major	histocompatibility	complex	tied	to	immune	dysfunction	and	autoimmune	
diseases,	has	also	emerged	as	an	important	risk	loci	for	PD	(Witoelar	et	al.,	2017,	Wissemann	et	al.,	
2013).	Associations	between	AD	and	immune-mediated	diseases	has	also	been	demonstrated	
(Yokoyama	et	al.,	2016).	Candidate	gene	studies	assessing	genetic	variable	have	found	that	
neuroinflammatory	genes	such	as	TNF,	IFN-gamma,	and	IL	also	increase	risk	of	PD.		
Given	the	emerging	evidence	of	immune	dysfunction	and	neuroinflammation	in	neurodegenerative	
diseases,	and	in	particular	PD,	we	looked	at	connections	between	PD	and	Type	1	Diabetes,	a	disease	
with	a	very	strong	auto-immune	component.	Connections	between	PD	and	T1D	goes	beyond	the	
HLA	connection.	Alpha-synuclein	deposits	have	been	discovered	in	the	pancreas	of	PD	patients	
(Titova	et	al.,	2017a).	Autoimmune	diseases	such	as	T1D	are	also	tied	to	many	of	the	same	
inflammatory	mediators,	and	it	has	been	suggested	that	the	immune	response	from	mediators	such	
as	cytokines	not	also	contribute	to	cell	death	and	disease	pathogenesis	of	the	autoimmune	disease,	
but	also	increases	the	risk	as	well	of	neurodegenerative	diseases.	With	the	development	of	evidence	
on	not	only	genetic	risk	factors	but	also	disease	pathogenesis,	we	performed	a	comparison	study	
between	the	prevalence	and	diabetic	end-points	of	neurologically	normal	T1D	patients	and	patients	
with	PD.		
We	found	evidence	that	supports	the	emerging	relationship	between	PD	and	T1D.	Our	findings	on	
the	differences	in	renal	function	are	very	interesting	in	light	of	the	discovery	of	alpha-synulcein	
deposits	outside	of	the	brain	in	PD	patients.	With	the	discovery	of	alpha-synuclein	deposits	in	the	
pancreas	of	PD	patients,	the	increased	risk	of	renal	failure	in	PD	patients	is	even	more	interesting	
given	the	knowledge	that	PD	does	affect	organs	outside	of	the	brain.	We	also	observed	differences	
in	rates	of	stroke	and	dementia	between	PD	patients	and	neurologically	normal	patients.	Stroke	has	
been	tied	to	inflammation	and	hypertension,	two	symptoms	also	related	to	PD	pathogenesis.	
Diabetes	and	PD	both	see	increased	rates	of	dementia	within	its	patient	population,	and	the	
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increased	rate	at	which	PD	T1D	patients	presented	with	dementia	raises	the	question	of	whether	it	
is	a	manifestation	resulting	from	common	genetic	etiology	between	two	diseases.		Thus,	it	warrants	
further	study	to	understand	the	genetic	etiology	of	dementia	and	its	ties	to	both	PD	and	T1D.		
Future	perspectives	and	directions	
PD	affects	the	quality	of	life	of	patients,	caregivers,	and	consequently	the	national	health	economies	
through	lost	productivity.	As	the	world	population	ages,	its	impact	will	only	increase.	One	of	the	keys	
to	treating	and	targeting	PD	is	through	a	better	understanding	of	its	risk	architecture.	With	that	in	
mind,	the	underlying	aim	in	this	thesis	is	to	advance	the	understanding	of	risk	factors	of	PD.		
With	the	research	presented	here,	we	have	not	only	contributed	to	the	current	body	of	knowledge,	
but	also	have	highlighted	important	avenues	of	future	research.	In	particular,	while	the	ataxia	study	
and	the	interaction	study	were	negative	studies,	they	nonetheless	contributed	substantially	to	the	
general	conversation.	Clinicians	now	know	that	it	is	not	necessary	to	screen	for	PD	in	patients	with	
the	aforementioned	ataxia	types.	In	the	case	of	the	LRRK2	PARK16	interaction	study,	we	
demonstrated	that	it	is	unlikely	that	a	strong	synergistic	or	negating	effect	exists	between	the	two	
genes,	but	also	highlighted	the	need	for	substantially	larger	studies,	particularly	in	the	context	of	
gene-gene	statistical	interaction.		
PD	is	a	complicated	illness,	with	many	environmental	and	genetic	risk	factors	and	a	diverse	web	of	
non-motor	and	motor	symptoms.	It	shares	pathology	with	numerous	other	neurodegenerative	
diseases.	Furthermore,	the	role	of	the	auto-immune	system	also	bears	future	exploration,	as	
demonstrated	by	our	diabetes	study,	among	others.	Science	rarely	comes	from	large	leaps,	instead	
one	can	only	reach	the	next	set	of	stars	by	first	standing	on	the	shoulders	of	giants,	of	those	who	
have	gone	before	us.	The	epidemiology	of	Parkinson’s	disease	is	no	exception	to	this	old	adage	by	
Newton.	Our	ultimate	goal,	as	researchers,	is	to	fully	understand	the	genetic	landscape	of	PD.	
However,	one	can	only	poke	holes	into	the	darkness,	chipping	away	at	this	complex	task,	one	study	
at	a	time,	one	piece	of	research	at	a	time.	
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Chapter	4	Summary	
English	Summary		
PD	is	the	second	most	common	neurodegenerative	disease	in	the	world,	with	the	disease	burden	
only	expected	to	rise	as	the	world	population	ages.	The	discovery	of	new	genetic	risk	factors	through	
a	range	of	methods	over	the	years	has	resulted	in	a	long	list	of	genetic	variants	that	influence	PD	
risk.	However,	our	understanding	of	the	genetic	variants	and	the	mechanisms	through	which	they	
influence	PD	risk	still	leave	much	room	for	future	discovery.	The	incompleteness	of	the	inheritance	
patterns	and	the	limited	ability	(up	to	10%)	of	the	genetic	variants	to	explain	PD	cases	suggests	
complex	and	multifactorial	origins	for	PD.	Hence,	this	thesis	seeks	to	fill	some	of	the	open	questions.		
The	first	part	of	the	thesis	addresses	the	etiological	factor	of	protein	aggregation	through	the	
question	of	cross-disease	effect	of	ataxia	genes	on	PD	risk.	We	did	not	find	any	increase	in	in	PD	risk	
in	relation	to	the	existence	of	intermediate	repeat	expansions	in	SCA2,	3,	6,	and	17	in	a	large	scale	
consortium	study,	and	thus	no	evidence	that	the	familial	affect	seen	extrapolates	to	sporadic	PD.	
	The	second	part	of	the	thesis	takes	the	theme	of	aggregration	but	approaches	it	from	the	
transportation	pathways.	Given	the	known	functional	interaction	between	two	genes	in	the	
retromer	pathway,	we	also	investigate	a	possible	genetic	interaction	between	the	two	previously	
identified	risk	modulating	loci,	PARK16	and	LRRK2.	Using	a	large	scale	multi-site	study,	we	did	not	
find	any	conclusive	evidence	of	strong	genetic	interaction	between	the	two	loci.	However,	our	
results	suggest	that	further	research	is	needed	with	larger	sample	sizes,	due	to	our	trend	findings	
within	subgroups	of	our	population.		
Immune	response	and	mitochondrial	dysfunction	drive	the	third	part	of	the	thesis;	we	investigate	
the	differences	in	clinical	outcomes	between	type	1	diabetic	patients	with	PD	and	neurologically	
normal	patients.	Recent	studies	have	demonstrated	the	sharing	of	pathways	and	commonalities	in	
pathogenesis	between	the	two	diseases	due	to	shared	auto-immune	dysfunction,	along	with	the	
discovery	of	HLA	as	a	risk	loci	for	both	diseases.	Due	to	the	interconnectedness	of	the	two	disease,	
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we	felt	it	was	important	to	also	study	the	clinical	pathogenesis	of	PD	patients	within	a	T1D	
population.	We	found	several	significant	differences	in	T1D	patients	with	and	without	PD,	mainly	
renal	failure,	stroke,	and	hospitalizations,	suggesting	that	a	correlation	between	PD	and	certain	
diabetic	outcomes.		
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Chapter	6	German	Summary	
	
Parkinson-Krankheit	ist	die	zweithäufigste	neurodegenerative	Krankheit	in	der	Welt,	wobei	die	
Krankheitslastmit	steigender	Weltbevölkerung	nur	steigen	wird.	Die	Entdeckung	neuer	genetischer	
Risikofaktoren	durch	eine	Reihe	von	Methoden	im	Laufe	der	Jahre,	hat	zu	einer	langen	Liste	von	
genetischen	Varianten	geführt,	die	das	PD-Risiko	beeinflussen.	Unser	Verständnis	der	genetischen	
Varianten	und	der	Mechanismen,	durch	die	sie	das	PD-Risiko	beeinflussen,	lässt	jedoch	noch	viel	
Raum	für	zukünftige	Entdeckungen.	Die	Unvollständigkeit	der	Vererbungsmuster	und	die	begrenzte	
Fähigkeit	(bis	zu	10%)	der	genetischen	Varianten,	PD-Fälle	zu	erklären,	deuten	auf	komplexe	und	
multifaktorielle	Ursachen	für	PD	hin.	Daher	versucht	diese	Arbeit	einige	der	offenen	Fragen	zu	
beantworten.	
Der	erste	Teil	der	Arbeit	befasst	sich	mit	dem	ätiologischen	Faktor	der	Proteinaggregation	durch	die	
Frage	der	Kreuz-Krankheit-Wirkung	von	Ataxie-Genen	auf	PD-Risiko.	In	einer	groß	angelegten	
Konsortium	Studie	fanden	wir	keinen	Anstieg	des	PD-Risikos	in	Bezug	auf	die	Existenz	von	
repetitiven	Zwischenexpansionen	in	SCA2,	3,	6	und	17,	und	somit	keinen	Hinweis	darauf,	dass	der	
beobachtete	familiäre	Affekt	sich	auf	die	sporadische	Parkinson-Krankheit	ableiten	lässt.	
Der	zweite	Teil	der	Arbeit	behandelt	das	Thema	Aggregation,	nähert	sich	aber	von	seiten	der	
Transportpfade.	Angesichts	der	bekannten	funktionellen	Interaktion	zwischen	zwei	Genen	im	
Retromer-Signalweg	untersuchen	wir	auch	eine	mögliche	genetische	Interaktion	zwischen	den	
beiden	zuvor	identifizierten	Risiko-modulierenden	Loci,	PARK16	und	LRRK2.	In	einer	großen	
multizentrischen	Studie	fanden	wir	keine	schlüssigen	Beweise	für	eine	starke	genetische	Interaktion	
zwischen	den	beiden	Loci.	Unsere	Ergebnisse	deuten	jedoch	darauf	hin,	dass	aufgrund	unserer	
positiven	Trends	in	Subgruppen	unserer	Population	weitere	Untersuchungen	mit	größeren	
Stichproben	erforderlich	sind.	
Immunantwort	und	mitochondriale	Dysfunktion	bestimmen	den	dritten	Teil	der	These;	Wir	
untersuchen	die	Unterschiede	in	den	klinischen	Ergebnissen	zwischen	Typ-1-Diabetikern	mit	PD	und	
neurologisch	normalen	Patienten.	Jüngste	Studien	haben	geteilte	Stoffwechselwege	und	
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übereinstimmende	Pathologien	zwischen	beiden	Krankheiten,	die	auf	eine	gemeinsame	
Autoimmunfunktionsstörung	zurückzuführen	sind,	gezeigt	und	gleichtzeitg	HLA	als	Risiko-Loci	für	
beide	Erkrankungen	entdeckt.	Aufgrund	der	Vernetzung	der	beiden	Erkrankungen	war	es	uns	
wichtig,	auch	die	klinische	Pathogenese	von	PD-Patienten	innerhalb	einer	typ	1	Diabetes	Population	
zu	untersuchen.	Wir	fanden	mehrere	signifikante	Unterschiede	bei	T1D-Patienten	mit	und	ohne	PD,	
hauptsächlich	Nierenversagen,	Schlaganfall	und	Krankenhauseinweisungen,	was	auf	eine	Korrelation	
zwischen	PD	und	bestimmten	diabetischen	Ergebnissen	hindeutet.	
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